We describe a gas-chromatographic method, with electron capture detection, for determining 3-methoxy-4-hydroxyphenylethylene glycol in human urine. High sensitivity 
Assay for 3-Methoxy-4-hydroxyphenylethylene Glycol in Human Urine by Gas Chromatography, with Electron Capture Detection
Chul Kim' and Glen R. Van Loon2
We describe a gas-chromatographic method, with electron capture detection, for determining 3-methoxy-4-hydroxyphenylethylene glycol in human urine. High sensitivity (5 pg per injection), recovery (93-97%), and reproducibility (CV 4.3%) are obtained. By this method, the 24-h urinary excretion of the free compound, the sulfate conjugate, the glucuronide conjugate, and the total in six normal male subjects averaged 0. (2, 3) has limited accuracy.
Spectrometric or fluorometric measurements
(4-6) are not specific and poorly sensitive. Several methods involving gas chromatography with flame ionization detector (7, 8) or electron capture detector (ECD) (9-19) have been described; the sensitivity of the former is much lower than that of the latter. Methods involving gas chromatography with mass spectrometry in determining MHPG in human cerebrospinal fluid (20) (21) (22) and serum (23) offer unique specificity and high sensitivity, but are technically complex and expensive to acquire, and the method in which stable isotope dilution is used (24) involves extraction of the urine sample on ion-exchange resin followed by isolation of MHPG-sulfate by column chromatography.
A "high-performance" liquid chromatographic method (25) requires back extraction for purification before gas chromatography.
The reports of gas chromatography with ECD methods describe various steps for isolating, purifying, and quantitating MHPG in urine. Absolute values of MHPG and its recovery are variable.
The present study describes a simplified method of gas chromatography with ECD for measuring MHPG in human urine with high sensitivity, analytical recovery, and reproducibility. for 20 h in a water bath at 40#{176}C for assay of conjugated metabolites. After hydrolysis, the samples were cooled, saturated with NaCl, centrifuged (31 500 X g, 20 mm), and 0.2 mL of the supernate was collected for extraction.
For free MHPG determination, the same procedure was followed, but with no enzymic treatment. To 0.2 mL of sample, 4 zg of tryptophol (Aldrich Chemical Co., Milwaukee, WI 53282) was added as internal standard (14) . The samples were extracted once with 1.0 mL of glassdistilled ethyl acetate, and 250 zL was transferred into i.0-mL reaction vials. The ethyl acetate extracts were dried under reduced pressure in an evaporator. The residues were reacted directly with 25 zL of pentafluoropropionic anhydride (Pierce Chemical Co., Rockford, IL 61105) for 10 mm at 70 #{176}C. After excess pentafluoropropionic anhydride was evaporated away under dry nitrogen, the pentafluoropropionate derivative was reconstituted in 500 zL of ethyl acetate and 1 izL was injected into the gas chromatograph with a 5-FL Hamilton syringe.
We used a chromatograph (Model 5730A; Hewlett-Packard, Avondale, PA 19311) equipped with an ECD (15 mCi 63Ni) and integrator (Model 3380A, Hewlett-Packard). The gaschromatographic separation was on a 182 cm X 4 mm i.d.
coiled glass column containing 3% OV-17 coated on Gas Chrom Q 100-120 mesh (Chromatographic Specialties, Brockville, Ontario K6V 5W1). The column temperature was maintained isothermally at 155 #{176}C. Injection port and detector temperature were maintained at 200#{176}C. The carrier gas used was a 5/95 by vol mixture of methane and argon, at a flow rate of 30 mL/min. Known amounts (1, 2, and 4 sg of base) of authentic bis-MHPG piperazine salt (Calbiochem, San Diego, CA 92112) were added to 1-mL aliquots of a urine sample, which were taken through the entire procedure, tryptophol being added to each as an internal standard. The MHPG response obtained from an aliquot of the same urine without added MHPG was subtracted from that of each of these standard samples, and the MHPG/tryptophol response ratios were plotted vs ratios of amounts of injected MHPG/tryptophol to construct a standard curve. Volumes of Urine Analyzed, ml -16) , as do those for the total, obtained by combining these with free MHPG (3, 15, 16, 18) .
Results and Discussion
Glusulase released almost 100% of the conjugated MHPG under the described conditions; the value for total MHPG is almost identical to the combined value for free and conjugated MHPG. In our study, free MHPG constituted about 6% of the total metabolite excretion, in good agreement with some other authors (see Table 1 ). The urinary excretion of MHPG sulfate was quantitatively similar to that of MHPG glucuronide in our normal men, consistent with several other reports (3, 14, 16) .
The use of an ion-exchange column to remove phenolic compounds reportedly results in a 50% loss of MHPG (9,17). In another report, the analytical recovery was 30% when MHPG-sulfate was extracted from urine by use of ion-exchange resin and liquid-gel partition chromatography
(24).
Others (12) report that recovery from an ion-exchange column may be almost complete and a considerable purification achieved. In other reports (2, 4, 9, 13) , urine was extracted with ethyl acetate at pH 1.0 before hydrolysis, to remove phenolic compounds. This extraction step was omitted by some authors (10, 18), in part because some conjugated MHPG is lost as a result of acid hydrolysis and free MHPG is destroyed at this low pH. Dekirmenjian and Maas (10) used KHCO3 to remove some acidic compounds in the organic phase, and reported that MHPG was unstable below pH 6 when urine samples were incubated for 24 h at 37 #{176}C. However, Bond (12) and Sharpless (18) were unable to confirm this. Karoum et al. (14) found that human urine, collected and stored under acid, undergoes acid hydrolysis of conjugated MHPG; such premature hydrolysis would cause a factitiously high proportion of free MHPG. Therefore, it seems necessary to avoid acidification of urine if free and conjugated MHPG are to be measured separately. We did not acidify urine for storage.
In the present study, no purification steps were found to be necessary. Some authors have suggested that EDTA be added to the incubation mixture to increase reproducibility (10).
However, in our hands the use or omission of EDTA in the enzyme hydrolysis did not result in altered yield or reproducibility, and our results are comparable to those of other reports (12, 17, 19) . In addition to its application to measurement of MHPG in urine, the high sensitivity and recovery of our method make it suitable for application to cerebrospinal fluid (19) and tissues containing small amounts of MHPG.
We examined the responses of free, conjugated, and total urinary MHPG on administration of dexamethasone phosphate (0.5 mg orally every 6 h for two days) to three young women with secondary amenorrhea, two of whom had mild and one severe hirsutism. In Table 2 Chim. Acta 16,403-408 (1976 11. Karoum, F., Ruthven, C. R. J., and Sandier, M., Gas chromatographic assay of phenolic alcohols in biological material using electron capture detection. Biochem. Med. 5, 505-514 (1971) .
12. Bond, P. A., The determination of 4-hydroxy-3-methoxyphenylethylene glycol in urine and CSF using gas chromatography. 
